wo 2005/093884 



1 



PCT/IB2005/000766 



FUEL CELL STACK 
BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The invention relates to a fuel cell stack formed from a plurality of stacked 
imit cells, and more particularly to a teclinology that favorably enables the fuel cell stack 
to be started up more easily at extremely low temperatures below freezing point. 

2. Description of the Related Art 

[0002] A fuel cell is formed with a layered construction in which an electrolyte 
membrane, such as a solid polymer membrane, is sandwiched between respective 
electrodes and separators provided on each side of the electrolyte membrane. Normally, 
a plurality of single unit cells with the above construction are stacked and used as a fuel 
cell stack. Such a fuel cell stack, as for example disclosed in Japanese Patent Laid-Open 
Publication Nos. 06-060904 and 07-282835, includes respective collector plates provided 
at each end of tlie cell units in a stacking direction thereof. The current generated by 
each cell is drawn from respective output terminal comiected to the collector plates. 

[0003] However, in the case of a vehicle fuel cell stack used in an electric car or the 
like, the temperatiore of the unit cells may potentially drop below freezing point in some 
usage environments, such as in cold regions. At the cathode of each unit cell, a 
chemical reaction takes places in which water is generated from hydrogen ions that pass 
through the electrolyte membrane and oxygen within the oxidation gas. However, when 
the fiiel cell stack is started up below freezing point, the generated water freezes and 
becomes ice, which obstructs the supply of oxygen to the cathode. As a result, there is a 
reduction in the voltage of the unit cells. However, heat of reaction is generated at the 
same time as the water in the above described chemical reaction. Accordingly, if the 
temperature of the unit cells is raised to above freezing point by this heat of reaction, the 
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ice melts and the supply of oxygen to the cathode is restored. 

[0004] However, the end unit cells positioned to the outer sides of the fuel cell stack 
are deprived of a substantial amount of heat by the respective collector plates that have 
large heat capacity and high thermal conductivity. Accordingly, the temperature rise of 
these end unit cells is slow as compared to the other unit cells. As a result, even if the 
other unit cells in the fuel cell stack are generating electricity normally, it is possible that 
the end unit cells will receive insufficient oxygen due to delayed melting of the ice, 
which in turn may cause the voltage of the end unit cells to be reduced. It is possible 
that this reduced voltage of the end unit cells will cause the overall output of the jEuel cell 
stack to be reduced as well. Furthermore, if an abnormal chemical reaction is to occur 
within the end unit cells in this state, it is possible that (a) the structural material of the 
end unit cells may be exhausted from the fuel cell stack, or (b) that deterioratioxi of the 
end unit cells may take place.^ 

[0005] Various methods for rapidly increasing the temperature of the end unit cells 
when the fuel cell stack is started up at low temperature can be suggested such as 
reducing the plate thickness of the collector plates so as to reduce their heat capacity and 
inhibit heat radiation from the end unit cells. However, simply reducing ttie plate 
thickness of the collector plates in this way is liable to cause an increase in electrical 
resistance when current is drawn, which may in tum cause battery performance to be 
impaired by a substantial increase in power loss. 

[0006] The invention has been conceived of in light of the previously described 
problems, and aims to provide a solution thereto. It is an object of the invention to 
provide a fuel cell stack that enables the temperature of end imit cells thereof to be 
increased rapidly when the fuel cell stack is started up at low temperature, without having 
any detrimental impact upon battery performance during normal operation. 

SUMMARY OF THE INVENTION 
[0007] In order to achieve the above object, a first aspect of the invention provides a 
fuel cell stack which is formed from a plurality of stacked unit cells and which includes a 
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collector plate disposed at an end of the stacked unit cells in a stacking direction thereof, 
and an output terminal for drawing current which is connected to the collector plate. 
This fuel cell stack is characterised in that the collector plate is made such that a heat 
capacity per unit area thereof is different for a neighboring region that is near to a portion 
where the output terminal is connected as compared to other regions. More specifically, 
the heat capacity per unit area of the other regions is smaller than the heat capacity per 
unit area of the neighboring region. 

[0008] According to a second aspect of the invention, the first aspect is further 
characterised in that the collector plate is made such that a volume per unit area thereof is 
different for a neighboring region that is near to a portion where the output termirtal is 
connected as compared to other regions. More specifically, the volume per unit area of 
the other regions is smaller than tlie volume per unit area of the neighboring region. 

[0009] According to a third aspect of the invention, the second aspect is further 
characterised in that the collector plate is less thick in the other regions than in the 
neighboring region. 

[0010] According to a fourth aspect of the invention, the second aspect is further 
characterised in that the collector plate is provided with a plurality of holes formed in the 
thickness direction of the collector plate. The area of the holes per unit area in the other 
regions is larger than the area of the holes per unit area of the neighboring region. 

[0011] According to a fifth aspect of the invention, the fourth aspect of the invemtion 
is further characterised in that the diameter of the holes in the other regions is larger than 
the diameter of the holes in the neighboring region. 

[0012] According to a sixth aspect of the invention, the fourth aspect of the inverLtion 
is further characterised in that the number of the holes per unit area of the other regions is 
larger than the number of the holes per unit area of the neighboring region. 

[0013] According to a seventh aspect of the invention, the second aspect of the 
invention further includes an end imit cell having a separator in which gas passages are 
formed, the separator being integrally formed with the collector plate. In the seventh 
aspect, the depth or the width of the gas passages of the separator in the other regions are 
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formed to be larger than those of the gas passages in the neighboring region. 

[0014] According to the first aspect of the invention, the heat capacity of the overall 
collector plate is reduced by providing regions within tlie collector plate tliat have a small 
heat capacity per unit area. As a result, radiation of heat from the end unit cell to the 
collector plate is inhibited, v^hich enables the temperrature of the end unit cell to be 
increased more rapidly when the fuel cell stack is started up at low temperature. 

[0015] According to the second aspect of the ia.-vention, the heat capacity of the 
overall collector plate is reduced by providing regions within the collector plate that have 
a small volume per unit area. As a result, radiation of heat from the end unit cell to the 
collector plate is inhibited, which enables the temperature of the end unit cell to be 
increased more rapidly when the fuel cell stack is started up at low temperature. 
Moreover, the current density is high in the neighboring region that is near to the portion 
where the output terminal is connected, whereas the cxirrent density is low in the other 
regions. Accordingly, the volume per unit area of the other regions can be made smaller 
without causing any significant increase in power loss. As a result, there is no 
detrimental impact on battery performance during normal operation. 

[0016] Note that, a structure in which the volume per unit area of the other regions is 
smaller than the volume per unit area of the neighbor^ing region can be easily realized 
using configurations in which, for example, (1) the plate is made less thick (as in the third 
aspect), or (2) the area of the holes per unit area is macde larger (as in the fourth aspect). 
Further, the area of the holes per unit area may be increased using various other methods, 
such as increasing the number of holes per unit area (as in the sixth aspect) or increasing 
the size of each hole (as in the fifth aspect), 

[0017] In addition, if the separator of the end unit cell is formed integrally with the 
collector plate (as in the seventh aspect), the width or depth of the gas passages of the 
other regions of the separator can be formed to be larger- than those of the gas passages in 
the neighboring region of the separator. Moreover, even if this configuration is adopted, 
it is possible to reduce the heat capacity of the area around the end unit cell without 
causing any significant increase in power loss. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] 

FIG. 1 shows a schematic view of the configiiration of a fuel cell stack according to a 
first embodiment of the invention; 

FIG. 2 is a perspective view showing the structure of a collector plate of a fuel cell 
stack according to a second embodiment of the invention; 

FIG. 3 is a perspective view showing the structure of a collector plate of a fuel cell 
stack according to a third embodiment of the invention; 

FIG. 4 shows a schematic view of the configuration of a fuel cell stack according to a 
modified form of the invention; and 

FIG. 5 shows a schematic view of the structure of a collector plate of the fuel cell stack 
according to the modified form of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0019] First Embodiment 

Hereinafter, a first embodiment of the invention will be explained with reference to 
FIG. 1. 

A fuel cell stack of the invention can be applied, for example, as a vehicle fuel cell 
stack that is mounted in a vehicle. Of course, it goes without saying that the fuel cell 
stack of the inventioa.can also be used as a fuel cell stack for other uses. 

[0020] FIG. 1 shows a schematic view of the configuration of the fuel cell stack 
according to the first embodiment of the invention. As is apparent from FIG. 1, the fuel 
cell stack is formed from a plurality of unit cells 2 that are stacked in one direction. 
Each imit cell 2 includes a Membrane Electrode Assembly (MEA) that is formed firom an 
electrolyte membrane, such as a solid polymer membrane, which is sandwiched between 
respective electrodes provided on each side thereof (these structural elements are not 
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shown in detail in FIG. 1). Further, each unit cell 2 is provided with a pair of separators 
that are disposed so as to sandwich the MEA from both sides thereof. Note that, 
hereinafter, the end unit cells that are positioned at the r-espective ends of the fuel cell 
stack in the stacking direction will be referred to as end uniit cells 2A, in order to clearly 
distinguish them from the other unit cells 2. 

[0021] Collector plates 4 are disposed to the outside of each end unit cell 2A, and 
respective output terminals 6 are connected to an edge portion of each collector plate 4. 
These output terminals 6 draw ciirrent collected from tke unit cells 2 by the collector 
plates 4 to the outside of the fuel cell stack. In this emt>odiment, the collector plates 4 
are not uniformly thick. Instead, each collector plate 4 is formed to become gradually 
thinner from the edge portion at which the output terminal 6 is coimected toward the edge 
portion on tlie opposite side. The plate thickness of the e^dge portion on output terminal 
6 side is substantially the same as that of the collector j)lates disclosed in related art. 
However, the plate thickness of the edge portion on the opposite side is thinner than those 
disclosed in the related art. For example, in tlie case that the width of the collector plate 
4 is approximately 300 mm, and the plate thickness on the output terminal 6 side is 2 mm, 
the plate thickness on the opposite side is set to about 1 mm. 

[0022] With the above described configuration, the collector plate 4 is formed so that 
its thickness varies in different regions. Accordingly, the overall volume of the collector 
plate 4 is made smaller than that of disclosed collector platos in the related art, whereby it 
is possible to reduce the overall heat capacity of the collector plate 4. As a result, it is 
possible to inliibit heat from being radiated from the end loiit cells 2A to the collectors 4, 
which enables the temperature of the end unit cells 2A to be increased rapidly when the 
fuel cell stack is started up at low temperature. Note that, it is conceivable that making 
the collector plate 4 less thick will cause power loss to be increased along with a rise in 
electrical resistance. However, this problem is avoided since the collector plate 4 is not 
made uniformly thin, but is instead provided with the thiclkness necessary for respective 
regions. By ensuring this configuration, it is possible to ixihibit the occurrence of power 
loss. In other words, the current density within the collector plate 4 is (a) high in the 
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region near the portion at which the output terminal 6 is connected, and (b) becomes 
progressively lower in regions farther from the portion at whicla the output terminal 6 is 
connected. However, the configuration ensures that the area of the collector plate 4 
where the current density is high is sufficiently thick, as iiLtlie disclosed related art. On 
the other hand, in the regions where the current density is low, namely, where power loss 
is inherently small, the collector plate 4 is thin. Accordingly, power loss is not 
significantly increased as is the case with collector plates compared to the related art. 

[0023] In this embodiment, the collector plates 4 may be uniformly thick instead of 
varying thickness of the collector plate 4 in different regions, tlic collector plate may be 
made such that a heat capacity per unit area thereof is different for a neighboring region 
that is near to a portion where the output terminal is connected as compared to other 
regions of the collector plate, and the heat capacity per unit area of the other regions may 
be smaller than the heat capacity per unit area of the neighboriaig region. For example, 
specific heat of the neighboring region material may be smaller than the specific heat of 
the other regions material. 

[0024] Given the above described configuration, the fiiel cell stack according to the 
first embodiment of the invention enables the temperature of t:he end unit cells to be 
increased rapidly when the fuel cell stack is started up at low temiperature, without having 
any detrimental impact upon battery performance during normal operation. 

[0025] Second Embodiment 

Next, a second embodiment of the invention will be explained with reference to FIG. 

2. 

[0026] FIG. 2 is a perspective view showing tlie structure of a collector plate 14 of a 
fuel cell stack according to the second embodiment of the invention. The collector plate 
14 may be used instead of the collector plate 4 according to the first embodiment. 
However, unlike the collector plate 4 of the first embodiment, the plate thickness of the 
collector plate 14 is the same in all regions. Moreover, a plurality of holes 18 are 
formed in the surface of the collector plate 14. These holes L 8 penetrate all the way 
through the collector plate 14 in the thickness direction thereof. The positions and sizes 
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of file holes 18 in the collector plate 14 are determined such that the area of the holes per 
unit area of each region of the collector plate 14 becomes larger farther away from the 
portion at which the output terminal 16 is connected. For example, the collector plate 
14 may be hypothetically divided into three regions, namely, regions 14A, 14B and MC, 
as shown in FIG. 2. A small one of the holes 18 is provided in the region 14 A, which is 
a neighboring region near to the portion where the output terminal 16 is connected, and, 
in contrast to this, a large and a small one of the holes 18 are provided in the regions 14B 
and 14C, which are the other regions that are farther from the output terminal 16. 
Moreover, the holes 18 that are provided in the two regions 14B and 14C that are far from 
the output terminal 16 are formed such that the holes 18 in the region 14C, which is 
furflier away from the out put terminal 16 as compared to the region 14B, are larger than 
those provided in the region 14B. 

[0027] With the above described configuration, providing the plurality of holes 18 in 
the collector plate 14 enables the overall volume of the collector plate 14 to be reduced as 
compared to collector plates disclosed in the related art. As a result, it is possible to 
reduce the overall heat capacity of the collector plate 14. Furthermore, the area of the 
holes per imit area of the region 14A near to the output terminal 16 with high current 
density is small, and the area of the holes per unit area of the regions 14B and 14C far 
from tlie output terminal 16 with low current density is large. Accordingly, the holes 18 
can be provided whilst also ensuring that no substantial increase in power loss is caused 
thereby. 

[0028] Given the above described configui'ation, the fuel cell stack according to the 
second embodiment of the invention, like that of the first embodiment, enables the 
temperature of the end xmit cells to be increased rapidly when the fuel cell stack is started 
up at low temperature, without having any detrimental impact upon battery performance 
during normal operation. Moreover, the collector plate 14 can be manufactured easily 
by forming the holes 18 in a plate with uniform thickness. Accordingly, this 
manufacturing method is advantageous as compared to that used for the first embodiment, 
where the collector plate 4 has to be manufactured to have varying thickness. 
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[0029] Third Embodiment 

Next, a third embodiment of the invention will be described with reference to FIG. 3. 

[0030] FIG. 3 is a perspective view showing the structure of a collector jplate 24 of a 
fuel cell stack according to the third embodiment of the invention. The collector plate 
24 may be used instead of the collector plate 4 according to the first embodiment. The 
collector plate 24, like the collector plate 14 according to the second emlDodiment, is 
provided with a plurality of holes 18 in its surface. These holes 18 penetrate all the way 
through the collector plate 24 in the thickness direction thereof. Further, ttiLe area of the 
holes per unit area of the various regions of the collector plate 24 are set to be different. 
However, the key difference from the second embodiment is that, Ln the third 
embodiment, all of the holes 28 are the same size, and the difference in the area of the 
holes per unit area is realized by varying the number of the holes 28 in ^ach region^ 
More specifically, in the neighboring region near to the portion where the output terminal 
26 is connected there are few holes 28, whereas in the regions farther frooa the output 
terminal 26 there are many holes 28. As a result of adopting this configxiration, it is 
possible to realize the same effects as the second embodiment. 

[0031] Other Modified Forms 

Hereinabove, various embodiments of the invention have been described^ However, 
the invention is in no way limited to these embodiments, and may be realize^d in various 
other modified forms that remain within the scope of the spirit of the invemtion. The 
following examples illustrate just a few of these other possible forms. 

[0032] In the above described embodiments, the volume per unit area of ^he collector 
plate is varied in either a continuous-smooth manner (in the first embodiment) or a step- 
like manner (in the second and third embodiments) along with distance froin the portion 
at which the output terminal is connected. However, any configuration mery be utilized 
so long as it is ensured that the volume per unit area of the neighboring region near to the 
portion where the output terminal is connected is sufficient. For example, the volume 
per xmit area of both of the other regions may be reduced to the same extent- It should 
be noted that the current density within the collector plate increases dramatically in the 
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neighboring region near to the portion where the output terminal is connected. Thus, so 
long as it is ensured that the volume per unit area of this neighboring region is sufficient, 
even if the volimie per unit area of the other regions is reduced equally, there is no 
likelihood that power loss will increase significantly. 

[0033] Moreover, FIG. 4 shows a schematic view of the configuration of a modified 
form of a fuel cell stack which may be applied to any of the above embodiments. In this 
modified form, the imit cells 30 (excluding the end xmit cells 3 OA) are formed from an 
MEA 32 that is sandwiched j&om each side by respective separators 34. Each separator 
34 is shared by neighboring unit cells 30. A plurality of gas passages 36 and 38 for 
supplying reaction gas are formed in the respective surfaces of each separator 34 that are 
in contact with the MEAs 32. The gas passages 36 formed in the surface on the anode 
side of each separator 34 are passages for supplying fuel gas, and the gas passages 38 
formed on the cathode side are for suppljdng oxidation gas. 

[0034] Each end unit cell 3 OA (unlike the other unit cells 30) is configured such that 
the MEA 32 is sandwiched between one of the separators 34 that is disposed to the inside 
(namely, the side toward the center of the fuel cell stack), and a collector plate 40 that is 
disposed to the outside. The collector plate 40 is connected to an output terminal 46. 
In other words, with the end imit cells 3 OA according to this modified form, the separator 
that is positioned to the outside of the MEA 32 in the related art is omitted, and the 
collector plate 40 performs the function of the separator instead. Accordingly, a 
plurality of gas passages 42 for supplying gas to the MEA 32 are formed in the collector 
plate 40. In FIG. 4, the shown MEA 32 is disposed on the anode side, and thus the gas 
passages 42 supply fuel gas. It should be noted that copper, which excels in terms of 
electrical conductivity, is utilized as the material of the collector plate 40, and the gas 
passages 42 are gold plated in order to improve their corrosion resistance. 

[0035] According to this modified forni of the invention, it is possible to reduce the 
heat capacity of the area around the end unit cell 3 OA by integrating the collector plate 40 
and the separator that may normally be provided to the outside of each end unit cell 30A. 
Accordingly, radiation of heat from the end unit cells 3 OA is inhibited, and it is possible 
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to more rapidly increase the temperatxire of the end unit cells 30A when the fuel cell stack 
is started up at low temperature. 

[0036] Moreover, with the above described modified form, as is illustrated in FIG. 5, 
it is possible to form the gas passages 42 such that their depth or width is different in the 
regions far from the output terminal 46 as compared to the neighboring region near to the 
portion where output terminal 46 is connected. More specifically, the depth or width of 
the gas passages 42 may be set such that the volume per unit area of the collector plate 40 
becomes progressively smaller in regions that are farther from the portion where the 
output terminal 46 is connected. By adopting this configuration, it is possible to make 
the heat capacity of the area around the end units cells 3 OA smaller without causing a 
significant increase in power loss. 



